The longitudinal distribution patterns of fish species are affected by both natural and anthropogenic variables. The role of these factors on the formation of species assemblages is well documented in North America and Western Europe, but detailed information is lacking from Central and Eastern Europe, and the Carpathian region especially. Therefore, we examined the structure of fish assemblages in response to six key environmental parameters in a natural stream system (Udava stream basin, Slovakia). We used the indirect ordination method of gradient analysis (Detrended Correspondence Analysis, DCA) to analyse the species groups and their connections to the sampled sites and to recognize the strongest gradient of assemblage composition. Subsequently, we used the direct ordination method (Canonical Correspondence Analysis, CCA) to identify the strongest gradients in relation to selected variables. Two major gradients were identified that follow the upstream-downstream pattern of fish communities and three variables (distance from source, depth and site slope) are correlated with the first CCA axis (P < 0.05) and two variables (depth and vegetation cover) are correlated with the second CCA axis (P < 0.05). We assume that these factors influence the temperature and the amount of dissolved oxygen that can cause oxygen and temperature stress to intolerant species (e.g., salmonids). Based on these results, we assume that the economically important species, brown trout and grayling, are not native to the stream basin and this status is only the consequence of natural factors. Furthermore, the results suggest that the Udava stream offers favourable conditions for fish species distribution -a view supported by the high variability of particular variables within the proposed model.
Introduction
Riverine fish communities are highly structured and maintain non-random patterns along longitudinal profiles (Lasne et al. 2007) . Longitudinal patterns of fish distributions are affected by natural (e.g. stream slope, water temperature) or anthropogenic factors (e.g., land use, river regulations, ponds) and the role of these factors varies regionally (Jackson et al. 2001; Marsh-Matthews & Matthews 2000) or within the study scale (Ferreira et al. 2007 ). Human activities are responsible for biodiversity loss, especially in riverine ecosystems (Abell 2002; Saunders et al. 2002) . Thus, the quantifying of human disturbance or baseline conditions and determining the natural variation in fish communities are necessary (Fisher & Paukert 2008) and the description of fish longitudinal distributions in minimally disrupted streams is important to understanding how fish assemblages are structured.
The influence of both natural and anthropogenic factors is well documented in North America and Western Europe (e.g., Lasne et al. 2007; Jackson et al. 2001; Vila-Gispert et al. 2002; Marsh-Matthews & Matthews 2000) . Despite the studies presented by Erős et al. (2003 Erős et al. ( , 2005a Erős et al. ( , b, 2007 on the regions of Carpathian Mountains or the Danube River basin as the largest geographical regions important in the creation of European fish fauna (Šedivá et al. 2008) , documentation is still sparing. Moreover, many streams and rivers in this region are not disrupted by human activities. Thus, more studies of fish assemblages and their connections to environmental factors in minimally disturbed regions are necessary (Ferreira et al. 2007 ).
The non-random longitudinal patterns were firstly documented by Frič, Borne and Nowicky in the 19 th century and are based on characteristic fish species (Holčík et al. 1989 ). Relative to the mountain and foothill rivers in Central Europe or in the Danube basin, three different zones (trout, grayling, and barbel) are present. Upstream fish assemblages that inhabit headwaters (i.e., epi-and metarithron zone, Illies & Botosaneanu 1963) in Europe consist mostly of the Cottus species (Cottus spp.) and salmonid (Salmo spp.) and occasionally Thymallus species (Holčík & Hensel 1972) . Headwater assemblages also include small rheophilic cyprinids (Phoxinus spp.) and balitorids (Barbatula spp.) (Holčík & Hensel 1972) . The middle zone (hyporithron and epipotamon, Illies & Botosaneanu 1963) consists mostly of Thymallus spp. and cyprinid species, genera Barbus, Leuciscus, Chondrostoma, Gobio and Alburnoides (Holčík & Hensel 1972) . Along the longitudinal gradient, several regional discontinuities (faunal breaks) are present as a consequence of both natural processes and human activity.
To increase our knowledge of the structure of fish assemblages in natural Carpathian streams, in this study we characterize the longitudinal structure of fish assemblages in the Udava stream system (Danube basin) and evaluate the influence of key abiotic variables.
Material and methods

Study area
The Udava stream is a 5 th order stream (the left side tributary of Laborec) in the Tisza basin on the Slovak territory (GPS coordinates 48 • 58 N -49 • 10 N and 21 • 57 E -22 • 11 E), with a catchment area of 214 km 2 and a total length of 38 km (Fig. 1 ). The stream flows through the mountain and foothill areas that geologically belong to the flysch covered with deciduous forest. This region is characterised by low summer discharges and higher water temperatures during the summer season (the Udava spring area water temperature is > 20 • C). In general, the Udava stream is a natural stream with relatively undisturbed fish assemblages.
Three zones have been recognized in the Udava stream sensu Illies & Botoseneanu (1963) . The first, the epirithron zone of the Udava basin is characterized by a wetted width of 1-4 m, average water depth of 10-20 cm, an average channel slope of 18-35%, and large coarse substrate (i.e. cobble and boulder). This first zone included the following sites: Udava Ďakov (DA), Udava Chata (CH ), Udava Osadné (OS ), Pálencký potok (PP ), Skorský potok (SK ), Skorský potok prítok (SP ), Rieka 1 (R1), Rieka (R2), Rieka (R3), Iľovnica 1 (I1), and Zubnianka (ZU ).
The second, metarithron zone of the Udava basin is characterized by a wetted width of 3-8 m, an average water depth 20-40 cm, an average channel slope of 7-18, and a substrate consisting of pebble and cobble. This second zone included the following sites: Udava Poľana (PO), Udava Účko (UC ) and Udava Nižná Jablonka (NJ ).
The third, hyporithron zone of Udava basin is characterized by a wetted width 6-12 m, an average water depth of 30-50 cm, an average channel slope of 4-14, and a substrate consisting of pebble and gravel. The third zone included the following sites: Udava Papín (PA), Udava Iľovnica (IL), Udava Rovné (RO), Iľovnica 2 (I2), Udava Udavské 1 (UD), Udava Udavské 2 (U2), and Laborec Kochanovce (KO). Sites used within the study are abbreviated as follows: site name, year, sampling month (M -May, A -August, O -October). For example, the site labelled UD02M, was sampled in Ďakov in May 2002.
Sampling
Fish assemblages were sampled during August 2001 , August and October 2002 , and May and August 2003 , on 20 sites of the Udava drainage and one sampling site in the Laborec River near the mouth of the Udava stream ( Fig. 1) . Several sites were repeatedly sampled during each sampling campaign, while others were sampled less frequently (in total 54 samples). Fish were sampled using two-pass electrofishing. Block nets were used on both the upstream and downstream ends of the sampled reaches. The total length of sampled reaches ranged from 35 to 140 m. We used pulsed DC electrofishing with an output of 220 V and 1.1-2.3 A, depending on water conductivity.
Data analyses
For the purposes of statistical analyses, the proportion of each species per site were estimated as the proportion between the number of individuals of each species and the total number of individuals per site. To demonstrate the distribution patterns of individual fish species, the longitudinal distribution of fish species occurring within the Udava stream was estimated. The analysis is based on fitting the distance from the source by the elevation and plotting the diagram together with the occurrence of fish species on particular sites (distances from source). The fish groups based on the species proportion demonstrated in the analysis was defined as superdominant > 30%, dominant 5-30% and recedent < 5%, following the categorisation of Lusk et al. (1998) .
Six abiotic variables were measured within the study. Site elevation (m), distance from source (km) and slope () was measured from a map (1:10,000). Wetted width (m) was measured as the average of ten transect measurements within the sampled site. Average depth was measured as the average depth of all depth measurements (every meter per transect). Vegetation cover was analysed as the average tree cover on both banks from 0% (none) to 100% (totally covered). Continuous variables were log(x + 1) transformed, while proportional variables were arcsin square root transformed. Correlations (Pearson's correlation coefficient) of explanatory variables were tested.
For the ordination analysis we used a dataset consisting of the proportions of each species (arcsin square root transformed) on each sampled site. Environmental variables connected with the proportion of species explain fish assemblage variability slightly more effectively (Humpl & Pivnička 2006) . The occurrence of ammocoetes of Carpathian brook lamprey (Eudontomyzon danfordi Regan, 1911) was excluded from the analysis as well as species with the frequency of occurrence < 5%. Sites downstream from the mouth of the Udava River were excluded from the analysis. We applied the indirect ordination method of gradient analysis (Detrended Correspondence Analysis, DCA) to recognize the strongest gradient of fish assemblage composition. Subsequently, we used the direct ordination method (Canonical Correspondence Analysis, CCA) to identify the strongest gradients in relation to the selected abiotic variables.
Step-wise forward selection of variables available in CANOCO was used to choose the most influential variables. The significance of all variables was tested using Monte-Carlo permutation tests (999 permutations) for all axes. In the case of correlations of explanatory variables, the variables that do not significantly contribute to the model variability were excluded from the analysis and the model was rebuilt using the operations described above. This approach is recommended by Lepš & Šimlauer (2003) to eliminate the effect of correlated variables that cause an arching affect in the CCA analysis. Multivariate statistical analysis was performed using CANOCO for Windows (ter Braak & Šmilauer 2002) .
Results
Fish assemblage structure Within the Udava stream basin 17 fish species and one lamprey species were recorded (Table 1) . The fish species distribution in the Udava basin (Fig. 2) supports further stream separation into three stream zones sensu Illies & Botoseneanu (1963) . The most frequent species within the whole basin were stone loach (Barbatula barbatula L., 1758) and common minnow (Phoxinus phoxinus L., 1758) (68.5%), followed by brown trout (Salmo trutta L., 1758) (53.7%). Within the identified zones, Alpine bullhead (Cottus poecilopus Heckel, 1837) occurs at the highest frequency (78.8%) followed by stone loach and common minnow in the epirithron zone. In the metarithron zone, brown trout and common minnow were recorded in each sample followed by stone loach and grayling. Carpathian barbel (B. carpathicus Kotlík, Tsigenopoulos, Ráb et Berrebi, 2002) , spirlin (Alburnoides bipunctatus Bloch, 1782) and European chub (Leuciscus cephalus L., 1758) were recorded on each site in the hyporithron zone followed by Balkan spinned loach (Sabanejewia balcanica Karaman, 1922), common minnow, stone loach and barbel (Barbus barbus L., 1758). While the common minnow and stone loach occur in high densities within the basin (average relative density 29.5% and 17.0%, respectively) the density of brown trout is lower (average relative density 13.3%). This disproportion is highly visible in particular zones, where the average relative density of brown trout is as follows: epirithron zone -20.5%, metarithron zone 7.2% and hyporithron zone 1.3%.
Fish species community gradients
The fish species and sampled sites relations described above are visible in the DCA analysis (Fig. 3) . The first two ordinate axes explain 53.2% of the variability of fish assemblages. On the first axis (44.0%), both the species and the site sequences reflect the gradient from the upper sites to the lowest sites. The second axis gradient (9.2%) reflects similar sites and species sequences. Following the species and site relations, three major species groups and three site groups are visible from the analysis. The first group corresponds to the epirithron zone with the dominant Alpine bullhead. Stone loach and common minnow are the key species for the second group covering sites in the metarithron zone. The Carpathian barbel, spirlin, European chub and Balkan spinned loach is evident in the third group covering the hyporithron and epipotamon sites. Two sites (sampled on Rieka 2 during summer 2002 and spring 2003) show no relations to the other sites. Similarly, no affinity was found to formed species groups in the case of brown trout and grayling.
In the case that all variables were correlated (Table 2), we did not evaluate the explained variability for the whole model provided by CCA analysis, because the sum of the explained variability could be influenced by correlated variables. Instead we ran the step-wise forward selection of variables using the Monte-Carlo permutation test (999 permutations), where the effect of marginal and conditional variables was analysed. The marginal effect of variables (the variability explained by the variable) was high in all cases (Table 3) . Compared with the conditional effect (the variability explained when the previous variables are still present), the effect of the variables on the second to sixth positions (because of the high correlations between variables) was totally reduced. The lack of a significant effect of two variables (elevation and width) allowed these to be omitted in the further model construction. The resulting model slightly improved the effects of variables, where distance from source, depth and slope were significantly correlated with the first axis and depth and cover were significantly correlated with the second axis (Table 3) . No variables were correlated with the third and the fourth axes.
Discussion
The spatial distribution of the sampling sites in the Udava stream follows the upstream-downstream distribution pattern of fish assemblages (Fig. 2) . This distribution pattern does not completely match the models presented by Frič, Borne & Nowicky in the 19 th century (Holčík et al. 1989) or with the model of Ibarra et al. (2005) . The distribution of Alpine bullhead, common minnow and European chub is similar to the models of Ibarra et al. (2005) and Lasne et al. (2007) . Furthermore, two more species (spirlin and Carpathian barbel), seem to be the key species for the middle reaches of the Udava stream. Except for the brown trout distribution, the observed distribution patterns and the species assemblage are similar in the entire Tisza River sub-basin, Bodrog River basin (e.g., Weisz & Kux 1959; Kirka et al. 1984; Koščo et al. 2006 a, b) . The whole Bodrog basin is characterised by low (even zero) grayling density except for the Uh river drainage. The grayling is considered as native to the Uh drainage (Koščo 1997) and it is also supported by historical data of Chyzer (1882) and Vladykov (1931) . According to the observations of Weisz & Kux (1959) and Balon (1968) , the low grayling density is caused by resource competition with the Carpathian barbel. Both species naturally occur sympatrically in the Uh drainage where grayling appears to have a competi-tive advantage (Koščo 1997) . Furthermore, grayling is also absent in the San river in the south east part of Poland, where the Carpathian barbel also occurs (Kukula 2003) . The observed low density of brown trout, as is seen in the case of the Udava stream, is also characteristic for several drainages in the Bodrog basin. The low discharges in summer and autumn, coupled with high summer water temperature decreases the amount of suitable habitat for brown trout. Furthermore, almost all brown trout specimens recorded within the sampled sites were in the same age category. These results indicate that all specimens originate from fish stocking and raise doubt about the native brown trout distribution in this and several other catchments in the Carpathian region (Erős 2007) .
The longitudinal distribution patterns are supported by the analysis using ordination methods. The first two axes in the indirect ordination analysis (DCA) represent the two most influential environmental gradients of fish assemblage variability (Fig. 3) . Both axes indicate the same gradient from lower sites to upper sites, but different lengths of gradients. Ordination results supported well the basic data on longitudinal distribution. Based on the species assemblage groups, sites form three groups (epirithron, metarithron and hyporithron). Two sites without connectivity to recognised groups (R202A and R203M ) are influenced by fish stocking of brown trout and these two sites do not represent the natural fish community. Only the first two axes in the direct ordination analysis (CCA) cover significant environmental variables (Table 3 ). The strong upstream-downstream pattern is confirmed by the variable distance from source that represents the strongest gradient. Moreover, the marginal effect of other variables explained more than 50% of variability because they are highly correlated. Distance from source explains the highest variability for the first axis. Other variables, depth, cover and slope improve the model if the previous variable is present. Other variables are less to explain the variability than the previous ones and do not significantly improve the proposed model. All significant variables that contribute to our model explanation determine the stream morphology that affects the consequences of local temperature conditions and other abiotic factors such as the amount of dissolved oxygen (Jackson et al. 2001) . Low oxygen amounts result in the disappearance of fish species due to the unsuitable habitat and the lower or higher temperatures cause lower growth rates (stress and lower fitness). The combination of temperature and oxygen stress may eliminate intolerant species such as salmonids, from a stream system (Jackson et al. 2001) . We assume that the low densities of salmonids in our model stream are the consequences of temperature and oxygen stress.
Distance from source (or mouth) was identified as the key variable in several studies (e.g. Schlosser 1982; Vlach et al. 2005) . In contrast, stream slope as the primary factor strongly influences the species composition (Walters et al. 2003) or as a secondary factor (Lyons 1996; Maret et al 1997) . In a relatively undisturbed stream in central Europe a continuum in the physical structure of habitat, patches ranging from riffles to pools were characterised (Erős et al. 2003 (Erős et al. , 2005b . The fish assemblage structure there varied in a continuous rather than a discrete manner along this gradient, although patches at the end points of the continuum clearly contained distinct assemblages. The variable distance from source that explains the majority of the variability in our model rather supports continuity in our fish assemblage structure. Contrary to the studies of Erős & Grossman (2005 a, b) , which were carried out in a natural system, another study in the Central European region showed that the number of ponds and land use were the most influential variables in a human modified riverscape (Humpl & Pivnička 2006) . We assume that land use, which strongly influences the stream ecosystems (Allan 2004) can be omitted in our model tributary in the case of natural conditions for species distribution.
